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(54) Method and system for providing a digital wireless local loop 

(57) A method and system for providing a digital 
wireless local loop. The system includes a primary trans- 
ceiver for transmitting and receiving a digital signal at a 
first selected frequency from an outdoor macrocell base 
transceiver and for transmitting and receiving the digital 
signal at the first selected frequency to and from a port- 
able handset. The method includes the step of receiving 
a digital audio/video/data signal having a first frequency 
from an outdoor macrocell base transceiver. The method 
also includes the step of retransmitting the signal having 
the first frequency at a second frequency to a portable 
handset. The step of retransmitting the signal includes 
receiving the signal having the first frequency and 
retransmitting the signal at an intermediate frequency, 
and receiving the signal having the intermediate fre- 
quency and retransmitting the signal at the second fre- 
quency to the portable handset. The method also 
provides for communications originating from the porta- 
ble handset. 
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Description 1 r . ? :,. . ■ v ^ 

Technical Field 

This invention relates to cellular wireless local loops, s 
In particular, this invention relates to digital wireless local 
loops derived from an outdoor cellular -macrocell base 1 
transceiver for use by an indoor portable handset or a 
device incorporating Such a handset. The invention is 
particularly suited for single or multi-farnily- dwellings or 1; io 
a multi -use buHding' environment. ' * - T ■<;;-■ 

BackaroundArt - f '■'■>-< 1 . 

Most metropolitan areas are now equipped with one is 
or rndr§ fdrms of wireless communications networks < 
which provide radio -transmissions in the microwave fre- ' - 
quency 1 band to wireless telephone customers. For 1 
example, a plurality of macrocell basetransceivers capa- 
ble of trahsmftting digital 'radio signals to and receiving 20 
digitaP radio signals from one or more portable handsets 
are located throughout various wireless service-areas;. A- 
portable handset, 7 as the term is used herein , ref ersr to a 
wireless voice telephone such as a cellular telephone or : 1 
the like in a speech or data mode that can be installed 25 : 
at a fixed location in an indoor environment, temporarily 
installed in a vehicle or be completely mobile In the case 
of ceillular telephones, a typical cellular service area 
comprises a metropolitan area or larger region. ^ 

An example illustrating two possibles' configure 
of a cellular service area comprised of segments hOa,^ 
10b is shown in Figure 1. The segment 10a illustrated a ' 
seven-cell reuse pattern;*Le, the frequency band allo- 
cated to cellular telephone customers is^divided-ihto ' 
seven macrocel Is 12 operating < at seven different fre- 35 : 
quehcy channels ft-f7.' The frequency channels fi-f7 
typically are not consecutive frequencies of the cellular " { 
radio frequency band: For example, frequency channel 
fl may comprise channels 1, 3 and 5, while frequency ' 
channel f2 may comprise channels 2, 4 and 6. The seven 40 
frequency channels fl -f7 are repeated for each segment 
10a Of the entire cellular service area. The-celluiar serv- - 
ice area 10b illustrates a twelve cell citeVeuse pattern. ■ 

Service area 10b has reduced capacity per cover- - 
age airea since the cellular frequency band is divided into : 45 
twelve macrocells 12; ar^ hence twelve frequency chari- , 
nels : f 1 -f 1 2, as opposed to the seven frequency channels 
f1-f7 of segment -10a. However, the larger segment 10b" ;c 
provides a greater distance between macrocells "1 2 that : ■ 
use the same frequency channel, resulting in* reduced 50 
co-charirief ; ihterf erence, e.g. , ; f requency^chanhel 'f 6 of 
segment TObversus frequency channel f 6 of siegrrient ~ ■ 
11b. ■ ir : i? ■^•■■..•■"•f-" 

Located within ^ is a fcase Varis- 0 

ceiver 14: Each base transceiver 14 is'abiel to broadcast - 55 
and receive radio signals ufilizirtg its corresponding fre- 
quency" channel. For example, a base transceiver '1 4 ; J 
located in segment 1 0a 1 would frahsifiit and ' 
signals from a wireless transceiver ^ UtHizirig frequency-' ' 



channels f 4 white adjacent base transceivers 14 would 
op£rate<at frequency channels f1, f2, f3, f5, f6 and 17. 

*' : When a telephone call to a wireless transceiver orig- 
inates from either another wireless transceiver or a land- 
based telephone via a Public Switched Telephone Net- 
work (PSTN) 15, a : caller must access a Mobile Tele- 
phone Switching Center (MSG) 1&; The MSG : 16 
receives the call request and instructs acentral call proc- 
essor 17 to begin call processing. The central call proc L 
1 essor 1 7 transmits a signal over a dedicated line 1 8 (such 
as a land-based line or microwave link, etc.) to a prede- 
termined base transceiver 14. The centralcall processor 
1 7'determines which base transceiver 1 4 to transmit the 
signal based on the location of the portable handset. 
When the- portable handset* enters a macrocell 12, the 
portable handset registers its location with a correspond- 
ing horheor visitor location register. The control call proc- 
essor 17 has access to the registers and, therefore, 
directs the telephone call to the appropriate base trans- 
ceiver 14/' ■ "■ ■ J ■ - : . «■ 

• Portable haridsets^cart be used indoors as well as 
outdoors. Therefore; ; a portable handset Ideated in an 
indoor environment requires service from a base trans- 
ceiver t4 located outdoors. The indoor portable handset 
can- communicate directly with" an Outdoor base trans- 
ceiver^ if both the base transceiver 14 and the portable 
handsets are allowed to exert sufficient power to pene- 
trate the walls of a building; However, the more power a 
base transceiver T4 or a wireless transceiver transmits 
the more interference it causes to other baise transceiv- 
ers 14as well as the associated portable handsets which 
are assigned the same frequencies. 

Consequently, a need has developed for a wireless 
transmission system and, in particular? wireless local 
: loops or links (WLL) which utilize the attenuation prop- 
erties of buildings within their associated service areas. 
A WLL is a wireless link which connects an indoor cellular 
portable handset or a customer premises wired standard 
telephone to ah outdoor cellular base transceiver on 
demand." Such a system should permit the buildings to 
act as shields so as to isolate outdoor users as well as 
the user ! s respective base transceiver 14 -from interfer- 
ence caused by the indoor WLL. Still further, the WLL 
should allow users to make inexpensive local calls using 
the same portable-handsets which were used to make 
expensive outdoor calls. Further, thei WLL should pro- 
vide indoor communication quality for users of outdoor 
portable handsets when the users transfer to indoor envi- 
ronments. ' ' ~.« '* % »- ■•*';■ -""^ ' 

■ -Several known systems have attempted unsuccess- 
fully^© address this heed. One known system, for exam- 
ple; "provides a WLL suitable for low market penetration 
of portable handsets. A dual-mode device is provided 
that requires full functionality of a portable handset as 
"well as a regular-telephone interface. This system, how- 
ever, is costly for users that require primarily telephone 
network service since the users beiar the cost of wireless 
functionality that is not needed for their operations. 
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A> second known system provides a wireless itinjjcr;:;; 
between a portable handset and a. Private Br^Qcfco 
Exchange ("PBX") utilized in a private business environ- 
ment. As known to those,,skilled -jn the art, a PBX is a, 
telephone system, complete with a private automatically 5 
operated switchboard £nd, individual telephone sets, 
installed and operated on private premises but having a, 
trunk-line connection to ^ the ,central. off ice. This system , 
utilizes base transceivers- qnd a corresponding control 
unit located within therbuildijig of the private business.. , 10 

In operation the? control unit assigns . frequency 
channels to the indoor base transceivers. Theftequency,.,, 
assignments based on the amount of energy detected 
by. each indoor base transceiver. The base transceivers 
transmit and.ceoeive«ignals;from a ; portable handset vjav; is 
Analog Mobile Phone. Service -("AtyPS") air interface - 
standard. Low energy AM£§xhannels, i.e., frequencies-, < t 
belonging to a different macropefl, tban : that,of the : local : , 
outdoor macrocell base transceiver, are.assigned to the-;, 
wireless link between the indoor base transceivers and,- 20 
a cellular portable, handset Jhetefote,: the attenuation 
properties of the building are ^sedito^siiield.the indoor 
communications from outdoor: signajs.; , — ■• t, 

In such systems, following receipt Qf<ar> analog sjg- ; : , 
nal from the portable handset, tne indoor base trans^eiv-;,; - : 25 
ers are required to perform full demodulation: ^nd base.i ;o 
band speech processing in order Jo^on)rnunicate : with H( : 
the PBX, As a result, the indoor base transceivers aqt in,: 
the; same manner as an outdoor macrocelJ bese^trans- 
ceiven Significantly, systems of this type dp not provide 30 
wireless links between an outdoor, cellular base, station, ; . 
and indoor wireless users on .demand These ^systemsu ^ 
also produce unacceptable speechdelays ; wJien applied 
to digital, cellular systems, . „ : ~ ;t 

A third known system .provides increased: ;indqqr -;35 
coverage by amplifying both transmitted, and jeceive^ 
signals between the outdoor macrocell base transceiver; .a 
and the indoor portable handset. vTo prevent the ampiffi-, : 
ers from acting as oscillators, the gain of the amplif ieijs 'V- 
is very limited and, in raostcases, doesnpt compensate. r 4o 
for building penetration , and indoor propagation losses,-, 
which result in poor indoor coverage. Moving objects, >pr>. f 
people in the immediate vicinity pf. the^amplifier&^nay,, ^ 
change their input-to-output, isolation resulting injOSQiU 
lating. Such an amplifier then becomes^ jammer to all .^45 • 
portable handsets' in the vicing ; £ « x::n , ~ 
^ As ref erenced_above, the known prior ar* fails to 4isr C v 
close an inexpensive cellul^WLUT^ 
also fails to disclose a digital cellular WLL. Consequently, : :j , 
a need has developed to provide a wireless local Jopp so 
system and method as referenced above' which fp^be <; ■ 
practically and economicallyiimplemented^for use by } sin- 3 
gle and . multi-family dwellings,, and ;mulji r use building 
environments../-, : . ; \ t -u,-"j 

It is further desirable that such a system be compat- - ^ss - 
ible with ..existing digital cellular radio communications, t : 
Finally, such a system should, neither require the allpcar, 
tion of more radio frequencies than are currently allo- 



cated to wireless communication systems, nor require a 
substantial portion of existing wireless frequencies. 

Disclosure Of The invention 

: It is thus a-general object of the present invention to 
overcome {he limitations of the prior art by providing a 
cellular wireless: local loop for -use in single and multK 
family, dwellings and .multi-use building environments 
which util.izjes digital radio communications. . > • , - 
Yet another object of the present invention is the pro- 
vision of a digital wireless local loop that provides cellular 
services to indoor users utilizing the attenuation proper- 
ties of buildings. 

Still further, it is an object of th^e present invention to 
provide a wireless local-loop of the type referenced 
above that transmits and receives digital signajs at a fre- , 
quency distinct from,the frequency of the corresponding , 
outdqor macrocellbase transceiver. - 

; Jn ; carrying out the above objects and otherobjects 
of the present invention, a method is disclosed for pro , ; 
viding. a digital wifeless local loop for use by a wireless' 
transceiver in an indoor environment utilizirjgan outdoor . 
macrocell base transceiver transmitting, a digital signal 
at a first selected frequency. .. ; i ^ . ; r 

The method begins witlp the step of receivingthe digr 
ital signal ata first selected frequency from the outdoor , 
macrQcell base transceiver when a call is initiated, irqm 
another portable, handset, or a land-based telephone. 
The rnethq^l continueS;with the stepof retransmitting the 
signal haying the first selected ^ frequency to the.portable * 
handset at a l; second selectedfrequency. . 

The step of retransmitting the signal at a second , 
selected, frequency includes receiving the signal at the 
first selected frequency atp retransmitting the signal at 
an-intermediate frequency, anpi further includes receive 
ing thejsignal at the,internieciiate frequency and retraosr 
miffing tfie sjgnaLat a second selected frequency to the 
port^ble^handsetj, ( . f " • - t 

,,Jhe method also includes,, the^steprOf receiving the 
digital signalat the^second seteqted fluency from the 
portableihandset when* the, portable handset initiates a 
call to another portable handset pr a land-based tele- 
phone. The method.further includes the step of retrans- 
mitting the digital signal received by the portable handset 
to the base transceiver at the.first t s§lected frequency! . . 

Jn,furtj3er carrying out the, abpve objects and other., j 
objects, fe t atjures apcf advantages of the present inven- 
tion, a system is also prpvida^ for carrying out, the steps 
.of tbe^oye,de^b€«d mgthod^ or tt [. V' f ; 

c The jSyst^n^indudes $ primairyjransceijver operative 
to transmit, and :i reQp5^ r a, c}igtfcal : signal^ to, and from the 
outdoor base transceiver at a first selected frequency 
and kto^transpiit ^ind r^cely^ the djgiteJ signal at a second 
.selected fjequency.to, ^nd frorn. a- portable handset 

;^Pn^ryJr^SGeiver^c(ud .. 
ceiver^nd t ^supplemental transceiver. The secondary . 
transceiver js, jn cornniyni^ation with, the outdoor base . 
transceiver, and. the : supplemental transceiver- The sec-, 
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ondary transceiver transmits and receives the digital sfg* ; 
nal'to and from the outdoor base transceiver at the first- * 
selected frequency and transmits and receives the digital' ' 
signal to and from the supplemental transceiver at an • 
irrtermediate frequency. : ' 5 

The : supplemental' transceiver is in communication * r " 
with the secondary transceiver and the portable handset. / 
The supplemental transceiver transmits arid receives the * 
digital signal to and from the secondary transceiver at 
the intermediate frequency and transmits and receives 10 
the digital 1 signal to and from the portable handset at the 
selected second frequency. c ■ 

the above objects, features and advantages of the 
present invention, as well as others, arereadily apparent' 
from the fallowing detailed description of the best mode 15 
for carrying'out the invention wh^n taken in connection 
with the accompanying drawings, wherein like reference " 
numbers correspond to like components. 

Brief Description Of The drawings 20 

The present inveritioh will be apparent from the " 
detailed description taken in conjunction with the £iccom- ' 
panying drawings in, which: 

FIGURE 1 is a schematic diagram of a prior art eel- " 
lular telephone system illustrating typical layouts of " 
cellular service* areas; 

FIGURE 2 is a blockdiagram illustrating the general 
sequence of steps associated with the operation of * 30 
the present invention; . . ^ / ' 

FIGURE 3 is a block diagram illustrating the general'^ 
sequence of steps associated withr the operation of 
ian alternate embodiment of the present invention; 
FIGURE 4 Ms a block diagram of the preferred 35 
ernbodiment of the 'present invention; arid ; c ; 
FIGURE 5 : is a block diagram of 'an alternative 
embodiment of the present ^ : invention made* Sir* * 
accordance with the teaching^ of the preferred J 
embodiment of this invention; ' ^0 

Best Modes For Carrvina Out The Invention ' 

With refererice to Figure 2 of th4 drawings, there is; : 1 : 
provided a block diagram illustrating the sequential stepi ''45 
associated with the operation of the present invention " 
when a telephone call to a wirelessVansceiver originates 
from either another portable hanclset 3r a land-based tel^ ' 
ephone via a PSTN. , ! V ^ ! 

Ah outdoor rnacrocell base transceiver 14 transmits so 
digital signals to various portable I'harWs'^ at a^?ijr^^ 
selected frequency wrthiri the I fr^uen^ band con^ 
ing the cellular radio spectfu^ 

The digital signal may : be either an aiidib, data of video ; 
signal. As shown by blbck^q; the fir^ ^ep of the present 55 
invention includes receivirig%^ at the first' r 

selected frequency from rthS riufapor base transceiver 

14. • : \ : ' * "*** : ' r '' : ;Jtr ;" r ; 7' 



'Trie 1 next step*of the present invention " includes 
retransmitting the signal at a second selected frequency 
to the portable handset, as shown by block 21 . The sec- 
ond frequency is a frequency of the cellular radio spec- 
trum distinct from the frequencies assigned to the base 
transceiver 14 of the macrocell 12 in which the portable ; 
handset is registered- 

In a Frequency Division Duplexing (FDD) cellular 
system, the outdoor-base transceiver* 14 transmits sig- 
nals at a first selected f requency and receives signals at 
a different frequency simultaneously. In this system, the 
second selected frequency of the signal being transmit- 
ted to the portable handset is'different from the second 
selected frequency bf the* signal being transmitted from 
the portable handset. A Time Division Duplexing (TDD) ; 
cellular system, on4rte other hand, transmits signals for 
a certain period of time arid : then receives signals for 
another period of tirne, thereby allowing the signals to be 
transmitted and received at the same frequency. In this * 
system; the second selected frequency of the signal ' 
beirig transmitted to the portable handset" may be the 
samb as the second selected frequency of the signal 
being tran^rfiitted'frdm the portable handset: 

r TTie a sebohd frequency is determined by scanning 
the indoor erivironrrient for a frequency having the least 
amount of energy of aH" the frequencies scanned .The 
frequencies are scanned by a scanning device located 
within the indoor environment. The frequency with the 
least amourit of energy may vary in different buildings 
located in a single outdoor macrocell 12. " 

Since the original digital signal is retransmitted using 
only a different frequency'there is no change in the con- 
tent of the message being transmitted or received nor is- 
there a need to decipher the content of the message. 
Consequently, there is no delay due to modulation and 
demodulation as well as baseband speech processing ' 
or control channel processing. : " 

The step2l of retransmitting the digital signal at trie - 
seconcr selected "frequency is further represented by 
blocks 22 and 23. As shown by block 22V the signal at 
the first selected frequency is received arid retransmitted 
at an intermediate frequency. 

Next, the : signal at the intermediate frequency' is 
received and retransmitted at Xhd second frequency to 
' the portable haridsWt, as shown by block 23. 

"Figure 3 of the drawings provides a block diagram 
of the sequential stems' associated with the' operation of 
the present invention wri^n a telephone call originates 
froni f the portable 7 handset to erther' another portable 
handset or' a' larid^bas^d telephone via a PSTN: 

As Shown fey block 24, the first step includes receiv- 
ing thedigital signal at a second selected frequency from 
the portable handset. The digital signal is then refraris- 
mitted Sat the first selected frequency to the base trans- 
ceiver, as shown by block 25/ r . 

the step 24 of receiving the digital signal at a second 
selected frequency is'further represented by blocks 26 
and 27: First, the digital signal is received at the second 
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selected frequency and retransmitted at anintermecfcate 
frequency, as shown by block 26, . / !...* 

Finally, the digital signal is received at the interme- 
diate frequency and .retransmitted at the first selected 
frequency for receipt by the base transceiver, as shown 
by block 27, 

Referring now to Figure 4, there is shown a digital 
wireless local loop ('WLL") made in accordance with the 
teachings of the present invention. -As shown,' .the WLL 
consists of a basetransceiver 32. The base transceiver 
32. transmits and receives, digital signals at a- first 
selected frequency, The first selected frequency is dis- 
posed within a predetermined frequency band constitut- 
ing^ portion of the predefined wireless and preferably 
cellular radio spectrum. Aft , 

The WLL also includes a primary transceiver 34 in" 

communication w^ith the outdoor base transceiver 32 and- 
a portable handset 36. The primary transceiver 34trans- 
mits and receives the digital signal to and from the out- 
door base transceiver 32,at the first selected frequency. 1 
In addition to transmitting, and receiving the^digitaf 
signal to and from the outdoor base transceiver. 32, the 
primary transceiver 34 transmits andreceives th^ digital 
signal to and from the portable handset. 36 at a second ^ 
selected frequency. The second selected 'fluency is , 
determined by the.primary transceiver 34^. 1? 

The, primary transceiver 34 may.be coupled to i 
outdoqr : base transceiver 32 -via a wireline Jink or ovefr ' 
the-air RF communication. The portable handset 36may ' 
be either a fixed or a portable unit. " : 

In . single or multi-family, dwellings apd/or muiti-use' 
building environments haying a relatively low pustomer 
market of indoor subscribers, the primary transceiver J34 
may include a window or an outdoor patch panel antenna 
applied to a window or several windows/of offices or" 
apartments in whjch the occupant , or occupants own a ' 
portable handset 36. In this situation, it may be morie eco- " 
nomical to integrate the. primary transceiver 34 with a' 
portable handset 36. The integration can be done op 
demand by a temporary connection of a portable hand- 1 " 
set 36 into a box which, while connected to the portable " 
handset 36, contains the functionality of a pr/rnary trans- * 
ceiver 34 and further includes an interface lo a wireline' ' 
standard telephone set. Alternatively, the functionality of 
a portable handset 36 may be embedded in the boa. ' " 

Where the number of indoor subscribers is higher 
the primary.transceiver 34 may include.* central antenna 
attached tpthe.building. The primary transceiver 34 may 
be an inexpensive repeater adapted ,to communicate 
with both a plurality of portable, handsets ,36: and tfte ' 
antenna. The primary transceiver 34 acts as a picoceii, 
i e. , a small base transceiver in the building .located' within 
a macrocell. ., r ; 

Alternatively, a.plurality of primary transceivers 34. 
may be located throughout the indoor environment for 
communication with a plurality of portable handsets 36. 

An alternative embodiment shown in Figure 5 illus- 
trates a WLL for yet an even higher number of indoor 
subscribers. The primary transceiver 34 includes a sec- 
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ondary transceiver. 38 and a supplemental transceiver 
40, The secondary transceiver 38 transmits and receives 
the digital signal from the outdoor base transceiver.32 at 
thafirst selected frequency and transmits and receives 
the digital to and from the supplemental transceiver 40 
at an intermediate frequency. The secondary transceiver ' 
38 is in communication with the outdoor base transceiver 
32 and the supplemental .transceiver 40. 

The supplemental transceiver 40 transmits and' 
receives the digital, signal at intermediate frequency to ' 
and from the secondary transceiver 38 and transmits and 
receives the digital signal at the second selected fre- ' 
quency to and from : the portable handset 36. The inter- ' 
mediate frequency is necessary due to the high 

selectivity required of the secondary transceiver 38 when 
operating in the cellular radio spectrum. Thesupplemen- ' 
tal transce.ver.40 is in communication with the secondary 
transceiver 38 and the portable handset 36. The supple- ' 
mental transceiver 40 may be coupled to the secondary ' 
transceiver 38 via a wireline link or.over-the-air RF com- 
munication. The intermediate frequency may be con- " 
verted to another appropriate frequency when the signal 
is transmitted V j a wireless link. The intermediate fre- 
quency is converted to a cellular frequency when the sig- 
nal is transmitted over the air. The cellular frequency is 
distiqct from the first selected frequency and:the second 
selected frequency. 

In this embodiment, the supplemental transceiver 40 
scans the.frequencies of the indoor cellular radio spec- 
trum for the frequency with the least amount of energy 
and selects the second frequency .'utilized to communi- 
cate with the. portable, handset 36. . r . ^ 

* P'ural'ty ,bf supplemental transceivers 40 may be 
placed uniformly throughout, the indoor environment 
The .number, of supplernentaltransceivers 40 to be cho- 
sen depends on the size of ithe jricloor environment and 
theamountof pqwer allowed to be transmitted by each 
supplemental transceiver 40 . to the portable handset" 36 
Each of tfie plurality pf supplemental transceivers 40 
.transmits and receives the digital .signal to a plurality of 
portable handsets 36 at distinguished second selected 
frequencies. It is ( pp^ible that one.of the plurality of sup- 
plemental transceivers 40 transmits and receives the ' : 
digital signal at a same second selected frequency as 
..anther of the plurality ^ supplemental transceivers 40 
within the indoor .envirphment provided there are a suf- " 
f ice^nt nurnber of floors between'the supplemental trans- * ' 
ce.ver^40 tp act as a shield in preventing interference' ' 
between the two supplemental transceivers 40 
■ :,^ r T?^ly f , a t thlrd..transceiver .ma'y. be disposed - * 
between the secondary .transceiver 38 and the supple- 
mental.transceiver 49. JWihird transceiver 42 acts as " 
an extender for. a single or a plural^", of .supplemental ; 
transceivers 40..Th ? i thi^transcetvSr 42 is useful when ' 
the secondary, transceiver -38,;a n dL the s'uppiemental 
transceiver 40 communicate vja.an over-the-air RF RnK, 
For health reasons, the, tansmission power allowed for x 
over-the-air RF communications between the secondary 
transceiver 38 and the supplemental transceiver 40 may 
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be limited to a few milliwatts. This powerwilf be msuffr- 
cient for a reliable secondary transceiver 38 located on 
top'of a building near an antenna to transmit and receive 
signals to and from a plurality of supplemental transceiv- 
ers 40 in large multistory buildings; especially if some of 
the - supplemental transceivers 40 are located on lower 

floors. " . .. . .. . 

In low capacity situations, the plurality of supple- 
mental transceivers 40 are normally positioned to pro-, 
vide the chain of intermediate frequencies from the 
secondary transceiver 38 located' on top of a building to 
portable handsets 36. In this situation, the supplemental 
transceivers 40 transmit and receive signals to and from 
the portable handsets '36 at the second selected fre- 
quency However/as capacity increases, the intermedi- 
ate frequency may become exhausted and hot extend to 
all the supplemental transceivers 40. In this case, the 
secondary transceiver 38 transmits several intermediate 
frequencies, and one or a plurality of third transceivers 
42 act as repeaters for the ihtermediatefrequenc.es: The 
third transceiver 42 may physically reside |n the same 
' box as the supplemental transceiver 40. 

In a situation in which the outdoor cellar capacity 
needs : exceed the available spectrum for combined 
indoor and outdoor communications, the secondary 
transceiver 38 may have a coaxial or an optical cable 
connection to abank of outdoor base transceivers 32 In 
this case, the secondary transceiver 38 and the supple- 
mental transceiver 40 may have to be tuned to a fre- 
quency other than; Ite Tirst _^ed. intermediate 

frequency. . • . .. •;/- 

Wfiile the best modes'for carrying out the invention 
have been described in detail, those familiar with the art 
to which this invention relates will recognize various 
alternative designs arid embodiments for practicing the 
invention as defined bV ihe flowing claims v . . , 

Claims 

1 For use in cooperatidh with an : outd6or macrocell ' 
base transceiver/the base'transceiver operative to 
transmit and receive a digital signal at a first selected 
frequency, a system for providing a' digital .wireless 
local loop in an indoor environment, comprising: 

a primary transceiver operative to transmit.. 
" and receive the digital signal to and'from the base- 
transceiver at the first selected frequency, the pn- 
• mary transceiver further operative' to transmit and 
receive trie digital ti^.at^fefWb^a selected fre- 

qiiency.and ,,-.■'.<•,.■• 

a portable handset in communication with the 
' primary transceiver ' operative ' to transmit and 
receive the di|i'tkl signal to and;frorn the primary 
transceiver at the'secorid selected frequency, . . 

2 The system of claim 1 wherein the first and second 
selected frequehdes a^*hhin a predefined fre- 
quency ba'hd. , ■ - ■!.■■•• ••. 



3 The system of claim 2 wherein the predefined fre- 
"iquency band' comprises the celiular radio spectrum. 

4 The system of claim 1 wherein the second selected 
5 ' frequency is determined by the primary transceiver. 

5. The system of ciaim T wherein the digital signal is 
ah audio signal: : 

,o 6. The system of claim 1 wherein the digital signal isa 
video signal: .... 

7. The system of claim 1 wherein the digital signal is a 
data signal. ' 



15 8 The System of claim' 1 wherein the primary trans- 
ceiver includes a Central 'ahtenria disposed I outs.de 
" the indoor environment. . 

so 9 - The system bf claim 1* wherein the primary trans- 
ceiver includes a plurality of antennas deposed 
throughout the' indoor environment. 

10 the' system "of claim 1 wherein the primary trans- 
25 • ceiver is arepeater disposed in the indoor env.ron- 
ment. ... . ., .. ; . .., ■ ■ 

11. The system of claim 1 wherein the primary trans- 
ceiver is combined with the portable handset. 

" 30 . - ; ' 

12r the system of claim i wherein the primary trans- 
-'ceiver comprises: - 

' a secondary transceiver- in communication 
with the outdoor base transceiver and a suppiemen- 
' 35 tal transceiver for transmitting and receiving the dig- . 
r hal signal to and from the outdoor base transceiver 
at the first selected frequency, the secondary trans- 
ceiver further operative to transmit and receive the 
' digital signal to and i from' the supplemental trans- 
: 40 ceiver at an intermediate frequency; and ; 

asupplemental transceiver in communication 
with the : secondary transceiver and the portable 
handset for transmitting and receiving thedigital sig- 
nal to and from the secondary transceiver at the 
« intermediate 'frequency, the supplemental trans- 
ceiver further operative to transmit and receive the 
digital signal to the portable handset atthe second 
7 selected frequency. ' ' " 

so ' 13 The system of daim ; 12 Wherein the supplemental 
'transceiver is coupled'to the secondary transceiver 
via a wireline link: ' , 

14 The system of claim 12 wherein the supplemental 
55 ' transceiver is coupled tp the secondary transceiver 
via over-the-airRF communication. 
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15. The system of claim 12 wherein the primary .trans- ; 
ceiver includes, a plurality of supplemental transceiv- 
ers disposed throughout the indoor environment. 

16. The system of. claim 11 further comprising a third 5 
transceiver disposed between the secondary trans- 
ceiver and the supplemental transceiver, for extend- 
ing the transmission range between the secondary 
transceiver and the supplemental transceiver. 

17. For use in cooperation with an outdoor macrocell 
base transceiver, the base transceiver operative to 
transmit and receive a digital signal at a first selected 
frequency, a method for providing a digital wireless 
local loop in an indoor environment, comprising: is. 

providing a primary transceiver operatiye to - 
. transmit and receive the, digital signaJ to and .from 
the base transceiver at the first selected. frequency, 
the primary transceiver further operative to transmit 
and receive the digital signal at a second selected 20 
frequency; and . r .' 

providing a portable r^nds^ jn, communica- 
tion with the primary transceiver for transmitting and 
receiving the digital signal to and fromjbe prinjary 
transceiver at the second selected frequency \. " 25 

1 8. The method of claim 1 7 wherein the step of providing 
a primary transceiver includes, providing a central ^. 
antenna disposed outside the indpor, environment. 

30 

19. The method of claim 17wjierein_.the step of providing; 
a primary transceiver includes providing a plurality" 
. of antennas disposed throughout the indoor environ- 
ment. 

20. The method pf claim 1 7 wherein th^step ofproyiding 
. - a primary transceiver includes: \ 

providing,a secondary transceiver in commu- 
nication, with tbe : OMtdoor ba^e! transceiver 'and, a 
supplemental transcjeiv^r ;; jpr transmitting! and 
receiving the digital signal to and from the outdoor 
base transceiver at the first selected frequency, the 
secondary, transceiver further ..operative to transmit 
and recejvethe digital signal to andfrom the supple- 
mental transceiver at an intermediate, frequency; 
and , \ / ' ' „ "' \' '"' " 

providi ng a supplemental transceiver ; ifi'cpm- 
munication with the secondary transceiver and.tfie 
portable handset for transmitting and receiving the 
• digital signal to„and from the ; $ec;ori£ac.y .transceiver,, ^ 
: at the .intermediate frequency, the supplemental 
transceiver further operative to tr^nsmi^ f and receive 
the digital signal to the portable handset at the sec- 
ond : selected,frequency. ... v . ..... 

21 . The method of claim 1 7 wherein thestep of providing 
a primary transceiver inciudes providing a plurality 
of supplemental transceivers disposed in the indoor 
environment. 



22. . The method of claim .21 wherein the plurality of sup- 
plemen^al traQsceiyers transmit and receive the dig- 
ital signal ^t the intermediate frequency to a plurality 
. .ot portable handsets at a plurality of distinguished 
. second selected frequencies, the plurality of distin- 
,.guished: ( secpnd .^elected frequencies varying in 
sensitivity to interference with the indoor/outdoor" 
cellular radio communications. 

23. The method of claim 2Q further comprising providing 
A a third transceiver for transmitting and receiving the '. 

digital signal to and from the secondary transceiver, 
at trje intermediate frequency, th^ third transceiver! 
further for transmitting and receiving the digital sig-. 
,nal to and from the supplemental trahsc^vjer at' a' 
second intermediate frequency. 

24. . A method for operating a portaWe, handset in an 
r jndoor environment topommunicate with an outdoor 

: macrocell base transceiver, the ba?e transceiver 
.operative to transm.it and receive digital' signals to. 
and from the portable handsetat a first selected if re:, 
quency, the method comprising; w ".' . 

- : receiving the digital signal at the first selected 
frequency from the base transceiver;. and . ■ 
, . . , retransmitting the digitaL signal at a second 
i selected frequency for receipt by the portable hand- " 
set./, . r ' '." *„. [[ ./ . . ,/ : ' 

25 ' ; J*!? m ^th^pf clap 24 wherein the step of receiving 
the digital signal at the first selected frequency from 
the ^se Jransceiver js aided by a central antenna 
r ^^Secjl 9^^$ tfl?,ind w erWironment. 

26 5 T^-!™^ 

the digital signal at the first selected frequency from 
the base transceiver is aided by a plurality of anten- 
nas disposed throughout the indoor environment, 

40 v 27. TTie.method of claim 24 wherein the step of retrans- 
mitting the digital signal at.thelsecond selected fre- 
quency, for receipt by the portable " handset is 
performed fc>y'a repeater disposed ip the indoor envi- 
ronment, . " ^, *\ 

28. The methqd.of clpim 24 wherein r t he step of retrans- 
mitting the digi^Vsigpalat, a Second selected fre- 
. qu^pcy for receipt by the portable handset' includes: 
" Receiving jhe digital signal at the first selected 
frequency and retransmitting the di^ital signaiat an 
, ^ jntermediate:fr^yjency; efp<J . ^ / ' : ' ; 

■ a )- ^^^ n ^%^9^^r^. at the intermediate 
f ^^9i30$ r^eta^ at the 

second. selert^ jr^'en9y for receipt by the porta- 
ble handset: * 4 ^ Jc "' " ' ; 

29 - .ypf methp^of claim wherein the step of receiving 
the digital signal at* the intermediate frequency and 
retransmitting the digital signal at the selected sec- 
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ond frequency includes retransmitting the signal to 
a plurality of portable handsets. 

30. The method of claim 28 wherein the step ol receiving 
the digital-signal at the intermediate frequency and s 
retransmitting the digital signal at the second * ^ 
selected frequency further includes scanning all fre- 
quencies of the cellular radio spectrum for the fre- 
quency having theHeast amount bf energy. r . 

■•' • • r * ^ v J°* 

31. A method f6r operating a portable handset in an 
indoor environment to communicate with an outdoor . 
macrocell base transceiver, the base transceiver v 
operative to transmit and receive digital signals to 
and from the portable handset at a first selected fre- is 
quench the method comprising: ^ 

receiving the digital signal at a second;, 
selected frequency from the portable handset; and : % 

retransmitting the digital signal' at the first 
selected frequency for receipt by the base trans- i 20 
ceiver. t , , * , i ' - ^ - 

32. The method of claim 31 wherein the $tep of receiving . 

the digital signal at the second selected frequency s 
from the portable handset is performed by a repeater 25 ; ^ 
disposed in the indoof environment ^ "' * 

33. The method of claim 31 wherein the step ol receiving - 
the digital signal at the second selected frequency 

from the portable handset includes: 30 

receiving the digital signal at the second 
selected frequency and retransmitting the digital sig- 
nal at an intermediate frequency; and 

receiving the digitafsignal at the intermediate 1 
frequency and retransmitting the digital signal at the 35 . .... 
first selected frequency. ; r i ' 

34. A method for providing a wireless local loop between 
an indoor environment and. an outdoor macrocell 
base transceiver, the base transceiver operative to -Uo: 
transmit and receive digital signals to and from the ; 
portable handset at a first selected frequency within % 
the cellular radio spectrum, the method comprising: „ ^ 

receiving the digital signal at the first selected v v 

frequency from the base transceiver; . . 45 , ; 

retransmitting' the digital signal at a, second ■« r ,,« " - 

selected frequency for receipt by the portable hand- , 

set; ~ ^ ■ ; . - "*"*"" 

receiving the digital signal at the second ^-5^,. 

selected frequency from the portable handset; and- '*&>^ 
retransmitting the digital signal at the first ^ 

selected frequency fof receipt by the base trans- * 

ceiver. U ^ 

' V '55 
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RECEIVE: THE DIGITAL 
SIGNAL AT THE FIRST. 
SELECTED FREQUENCY -.. 
FROMTHE BASE 
TRANSGEIVER- 
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RETRANSMIT THE •. ; 
; -Dl GITAL SIGNAL AT A, , 
i SECOND. SELECTED-. 
; FREQUENCY TO THE 
: PORTABLE HANDSET 



FIG. 2 
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. RECEIVE THE DIGITAL 
SIGNAL AT THE FfaST 
SELECTED FREQUENCY 
AND RETRANSMIT AT 
AN INTERMEDIATE 
FREQUENCY 
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RECEIVE THE DIGITAL SIGNAL 

AT THE INTERMEDIATE 
FREQUENCY AND* RETRANSMIT 

AT A SECOND SELECTED 
: FREQUENCY TO THE 
' PORTABLE HANDSET 



10 



EP G.690 637 ; A2 



26 



24 



RECEIVE THE DIGITAL 
SIGNAL AT A SECOND 
SELECTED FREQUENCY 
FROM THE PORTABLE 
HANDSET- > , 



RETRANSMIT THE 
DIGITAjl SIGNAL AT THE 

-FIRST- SELECTED 

FREQUENCY TOT ; HE. 
BASE TRANSCEIVER ' 
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RECEIVE THE DIGITAL 
SIGNAL AT A SECOND ' 
SELECTED FREQUENCY " ? 
FROM THE PORTABLE '' - 
HANDSET AND RETRANSMIT 
AT AN INTERMEDIATE ' 
FREQUENCY 
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RECEIVE THE DIGITAL SIGNAL 
AT TH E"i NT E-RM EDI ATE :?> 
FREQUENCY AND RETRANSMIT 
AT, THE FIRST SELECTED 
FREQUENCY TO' THE- ' 
; BASE TRANSCEIVER - 



FIG; 3 
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